Objective: The aim of this study was to clarify the association of maternal factors with perinatal complications in pregnancies complicated with type 1 (T1D) or type 2 diabetes (T2D). Methods: We conducted a retrospective chart review and enrolled 26 Japanese pregnant women with diabetes who received perinatal care at our hospital between 2008 and 2015. Perinatal complications were defined as one or more of the following: miscarriage, fetal death, fetal dysfunction, fetal structural anomaly, small-for-gestational age, large-for-gestational age (LGA), premature birth, neonatal hypoglycemia, pregnancy-induced hypertension (PIH), deterioration of maternal kidney function, and urgent Caesarean section (CS). The associations between perinatal complications and maternal factors were examined. Results: Approximately 70% and 50% of women with T1D and T2D experienced perinatal complications, respectively. LGA, neonatal hypoglycemia, and urgent CS were major perinatal complications in women with T1D, while PIH and urgent CS were major complications in those with T2D. In women with T1D, pre-gestational HbA1c was significantly higher in women with perinatal complications than in those without. In women with T2D, pre-gestational body mass index was significantly higher in women with perinatal complications than in those without. Conclusions: These findings suggest that while pre-gestational glycemic control remains the most important issue in women with T1D, pre-gestational weight control in addition to glycemic control should be greater emphasized in women with T2D to reduce the risk of perinatal complications.
Introduction
Maternal blood glucose control during pregnancy in women with diabetes is extremely important for reducing perinatal complications in both the mother and infant [1] . Recently, there has been growing concern regarding the increase in perinatal complications associated with conceiving at a later age as well as the increase in patients with type 2 diabetes (T2D) developing on a background of metabolic syndrome [2] . Although current guidelines for the management of pregnancy in diabetics specify the same strategy for type 1 diabetes (T1D) and T2D, recent studies suggest that different maternal factors are associated with perinatal outcomes between women with T1D and T2D [3] . Identifying maternal factors influencing perinatal complications is important in order to recognize high-risk patients and manage them to improve perinatal outcomes; however, this information remains scarce, especially in the Japanese population.
Therefore, in this study, we examined the maternal factors influencing perinatal complications in pregnant women with T1D and T2D who received childbirth management at our hospital between 2008 and 2015.
Subjects and Methods
We retrospectively conducted a chart review and identified a total of 26 cases of diabetes with a singleton pregnancy (T1D; 15 cases, T2D; 11 cases) that received perinatal care at our hospital between 2008 and 2015. We excluded one case of twins and one case of steroid-induced diabetes. This study was conducted under the approval of the Ethical Review Board of our hospital (approval number: 20160247, approval date: 31 October 2016). Twenty-five patients had been diagnosed with diabetes and treated prior to pregnancy, while one patient was diagnosed with T2D for the first time during pregnancy.
Information, including the maternal weight before and during pregnancy, body mass index (BMI), HbA1c, glycoalbumin (GA), serum creatinine (Cr), and insulin dose, was extracted from their medical records. A patient was deemed to have perinatal complications when she had one or more of the following conditions; miscarriage, fetal death, fetal dysfunction, fetal structural anomaly, small-for-gestational age (SGA), large-for-gestational age (LGA), preterm birth <34 weeks of gestation, neonatal hypoglycemia, pregnancy-induced hypertension (PIH), worsening of maternal renal function, and urgent Caesarean section (CS). SGA and LGA were defined as values less than the 10th percentile or more than the 90th percentile of birth weight, respectively, depending on the gestational age according to the Japan Pediatric Society [4] . PIH was defined as preeclampsia, gestational hypertension, superimposed preeclampsia, or eclampsia according to the Japan Society of Obstetrics and Gynecology [5] . Worsening of maternal renal function was defined as a more than two-fold increase in serum Cr level during pregnancy. Mean HbA1c during pregnancy was calculated as the average of the values at the following four points: before pregnancy, early pregnancy (8-12 weeks), mid-pregnancy (18-22 weeks), and late pregnancy (28-32 weeks). The number of weeks of pregnancy was calculated based on the last menstrual period, date of ovulation, and crown-rump length using ultrasonography.
All women were treated with insulin in addition to nutritional therapy during pregnancy according to the guidelines of the Japan Diabetes Society [6] . In women with T1D, 12 patients received basal-bolus therapy and three received continuous subcutaneous insulin infusion, while in women with T2D, all patients received basal-bolus therapy. The patients were instructed to conduct self-monitoring of blood glucose (SMBG) seven times a day: before and 2 h after each meal and at bedtime. Glycemic targets were 70 mg/dL to 100 mg/dL for fasting plasma glucose and <120 mg/dL for 2 h after meals, and insulin dosage was adjusted based on the SMBG values.
Regarding the presence of perinatal complications and their relationship with maternal factors, comparisons between the two groups were made using t-test or chi-squared test. Multivariate regression analysis was performed using the Statistical Package for the Social Sciences (IBM SPSS Statistics version 23, Armonk, NY, USA). Data are presented as mean ± standard deviation (SD), and values with p < 0.05 were considered statistically significant. Table 1 shows the patient background characteristics. Age at pregnancy was significantly younger (34 ± 6 vs. 38 ± 3 years, p = 0.04) and duration of diabetes was significantly longer in women with T1D than in those with T2D (17.7 ± 7.9 vs. 3.6 ± 4.2 years, p < 0.0001). Pre-gestational body weight and BMI were significantly lower in women with T1D than in those with T2D (body weight 54.2 ± 7.6 vs. 69.6 ± 13.8 kg, p < 0.01, BMI 21.0 ± 2.4 vs. 27.5 ± 4.9 kg/m 2 , p = 0.0001). While none of the women with T1D were obese (i.e., BMI ≥ 25), obesity was observed in 6 of 11 women with T2D (0 vs. 54.5%, p = 0.001). Weight gain during pregnancy was significantly greater in women with T1D than in those with T2D (11.6 ± 5.1 vs. 5.8 ± 4.9 kg, p = 0.008). While the amount of insulin used before pregnancy was significantly higher in women with T1D (38.9 ± 15.3 vs. 9.5 ± 20.0 U/day, p = 0.0004), the increment in insulin dosage during pregnancy was significantly greater in women with T2D (5.4 ± 17.4 vs. 35.4 ± 41.7 U/day, p = 0.02). Pre-gestational HbA1c tended to be higher in women with T1D, but the difference was not statistically significant (7.6 ± 1.8% vs. 7.1 ± 1.6%, p = 0.52). There was no significant difference in the proportion of women who developed perinatal complications between those with T1D and T2D (67% vs. 45%, p = 0.28). In women with T1D, perinatal complications were observed in 11 of 15 cases ( Table 2 ). The majority were LGA, neonatal hypoglycemia, and urgent CS. Two cases with PIH underwent urgent CS because of poor blood pressure control at 32 and 34 weeks of gestation, respectively. Regarding the two patients with worsening maternal renal function, their serum Cr level increased from 1.3 mg/dL to 2.7 mg/dL and from 0.9 mg/dL to 2.0 mg/dL, respectively; the former case underwent urgent CS because of poor blood pressure control at 34 weeks of gestation. One case with fetal dysfunction (non-reassuring fetal heart rate monitoring) underwent urgent CS. 
Results

Women with T1D (n = 15)
Women with T2D (n = 11)
LGA (6) PIH (4) Neonatal hypoglycemia (5) Urgent Caesarean section (3) Urgent Caesarean section (5) Neonatal hypoglycemia (2) PIH (2) SGA (1) Worsening maternal renal function (2) LGA (1) Fetal dysfunction (1) Fetal structural anomaly (1) Preterm birth <34 weeks of gestation (1) Number of cases is given in parentheses.
LGA, large-for-gestational age; PIH, pregnancy-induced hypertension; SGA, small-for-gestational age. Table 3 shows the relationship between perinatal complications and maternal factors in women with T1D. In women with perinatal complications, pre-gestational HbA1c and mean HbA1c during pregnancy were significantly higher than in women without complications (pre-gestational HbA1c 8.2 ± 1.7% vs. 6.0 ± 0.3%, p = 0.03, mean HbA1c 7.2 ± 0.9% vs. 6.0 ± 0.6%, p = 0.04). In women with T1D, perinatal complications were observed in eight cases with pre-gestational HbA1c ≥ 7% (n = 9) and in two cases with pre-gestational HbA1c < 7% (n = 6, 89% vs. 33%, p = 0.03). Five of the six LGA cases and four of the five neonatal hypoglycemia cases developed in the group with pre-gestational HbA1c ≥ 7%. The association between pre-gestational HbA1c and perinatal complications remained significant after adjustment for age and pre-gestational BMI in multivariate regression analysis (β = 0.64, p = 0.02). In women with T2D, perinatal complications were observed in six of 11 cases, in which the majority were PIH and urgent CS ( Table 2) . Three of the four PIH patients had had hypertension prior to pregnancy. Two of the six PIH cases underwent urgent CS. One case had fetal structural anomaly (congenital heart disease). Table 4 shows the relationship between perinatal complications and maternal factors in the T2D group. In women with complications, pre-gestational BMI was significantly higher than in those without complications (31.1 ± 3.3 vs. 23.2 ± 1.0 kg/m 2 , p = 0.001). While no perinatal complications developed in any of the five patients who were not obese, perinatal complications developed in all patients who were obese (100% vs. 0%, p = 0.001). Multivariate regression analysis including age, pre-gestational BMI, and pre-gestational HbA1c also revealed that age and BMI but not HbA1c were associated with perinatal complications (β = 0.47, 0.78, and −0.01, p = 0.004, <0.001, and 0.94, respectively). 
Discussion
In this study, we found that the incidence of perinatal complications was associated with pre-gestational HbA1c in women with T1D, whereas it was associated with pre-gestational BMI in women with T2D. The findings from the present study suggest that the maternal factors influencing perinatal complications may differ between pregnant women complicated with T1D and T2D.
The differences in patient backgrounds between women with T1D and T2D were consistent with a previous report in Japan [7] . Duration of diabetes was longer and incidence of retinopathy was higher in women with T1D, while pre-gestational BMI and incidence of obesity were higher in those with T2D. It was noted that pre-gestational HbA1c level was not significantly different between women with T1D and T2D, most of whom had been receiving pre-gestational care for diabetes.
In this study, perinatal complications were observed in approximately 70% of women with T1D, in which the majority were the development of LGA, neonatal hypoglycemia, and urgent CS. Pre-gestational HbA1c was associated with a risk of perinatal complications, and indeed, there was a significantly higher incidence of perinatal complications in women with pre-gestational HbA1c ≥ 7% than in those with pre-gestational HbA1c < 7%. Furthermore, in women with complications, mean HbA1c during pregnancy as well as HbA1c and GA at delivery were also higher than those in women without complications, suggesting that sustained hyperglycemia during pregnancy likely influenced the development of LGA and neonatal hypoglycemia. These findings suggest that pre-pregnancy care including glycemic control and planning of conception remains most important to reduce perinatal complications in women with T1D.
Perinatal complications were observed in approximately 50% of women with T2D, of which the majority were the development of PIH and urgent CS. In contrast to women with T1D, pre-gestational BMI was associated with a risk of perinatal complications, and indeed, all women who developed perinatal complications were obese. Maternal obesity has been shown to associate with perinatal complications such as PIH and CS [8] . Maternal obesity has been shown to be an independent risk factor for PIH, even in pregnant women without gestational diabetes or impaired glucose tolerance [9, 10] . Microangiopathy, advanced age, and hypertension have also been reported to be risk factors for PIH [11, 12] . In this study, in addition to maternal obesity, these factors might also have increased the incidence of PIH. On the other hand, while obesity is considered a risk factor for LGA, the incidence of LGA was low in this study compared with a previous study [13] . This may be because the patients in this study adhered well to their nutritional management during pregnancy, and achieved optimal weight gain during pregnancy.
In this study, it was noted that pre-gestational HbA1c was not associated with perinatal complications in women with T2D. It is well appreciated that maternal glycemic control reduces perinatal complications in women with diabetes, and current guidelines recommend a similar treatment strategy for both women with T1D and T2D [14] . However, it remains unclear whether the same treatment strategy for both T1D and T2D is optimal. A recent meta-analysis has shown that despite less severe glycemic disturbance, women with T2D had no better perinatal outcomes than those with T1D, suggesting that factors other than glycemic control also affect perinatal complications in women with T2D [15] . In the present study, there was no significant difference in pre-gestational HbA1c and mean HbA1c during pregnancy between T2D women with and without perinatal complications. Also, the incidence of perinatal complications was not significantly different between T2D women with pre-gestational HbA1c ≥ 7% compared with those with pre-gestational HbA1c < 7% (50% vs. 43%, p = 0.82).
Taken together, the above findings regarding pregnancy in T2D on a background of metabolic syndrome suggest that not only glycemic control but also obesity before pregnancy may greatly influence the risk of perinatal complications. Owens et al. reported that types of perinatal complications differ between women with T1D and T2D, and despite the fact that HbA1c before pregnancy in women with T2D is lower than in those with T1D, women with T2D still have an excess risk of perinatal complications, suggesting that factors other than the blood glucose level play an important role [3] . Handisurya et al. also reported that BMI and blood glucose control influence perinatal complications [16] . The present findings were in line with these previous reports, suggesting that weight control before pregnancy is important for obese patients with T2D in order to reduce the risk of perinatal complications. Omori et al. reported that perinatal outcome was worse in Japanese women with T2D compared with those with T1D in 1994 [17] , while a more recent study in Japan showed comparable perinatal outcomes between women with T1D and T2D [7] , suggesting an improvement of perinatal outcome in women with T2D possibly due to improvement of the pre-conception management of T2D. Recently, advances in insulin therapy have also facilitated optimal glycemic control during pregnancy in women with T2D. This indicates that control of weight as a residual risk factor may become an issue to address in the future.
The present study has limitations. First, our study had a retrospective cross-sectional design. Thus, we are not able to exclude the possibility of the presence of residual confounders. Also, the causal relationship remains uncertain. Second, the sample size was small. Thus, we were not able to conduct analyses for each complication because of the limited number of subjects for each complication. Also, due to the insufficient statistical power, we may not be able to detect other factors related to perinatal complications. On the other hand, some of the findings might be a chance finding because of the multiple comparisons; however, the main findings of this study showed high statistical significance and we believe that our conclusion is robust. Because of these limitations, the results of the present study should be carefully interpreted. Nonetheless, we believe that our findings have an important implication for the clinical management and treatment of pregnant women with diabetes. To confirm our findings, future studies with a prospective design and larger sample size including women with and without perinatal complications are warranted.
Conclusions
Poor pre-gestational glycemic control and obesity were strongly associated with perinatal complications in women with T1D and T2D, respectively. While pre-gestational glycemic control remains the most important issue in women with T1D, the importance of not only pre-gestational glycemic control but also weight control should be emphasized in women with T2D to improve their perinatal outcomes.
